Introduction
Geophysics enables remote monitoring and imaging of subsurface mass transfer at scales 20 ranging from decimeters [e.g., Garré et al., 2011; Beff et al., 2013] , meters [e.g., Slater and mative of the processes being studied, but also that its acquisition should not perturb 29 hydrological data or significantly affect the design of hydrological experiments.
30
In order to image tracer (or contaminant plumes) with geophysics, there must exist a analysis alone [Swanson et al., 2012 [Swanson et al., , 2015 . In groundwater geophysics, the contrast agent 38 for tracer tests is often dissolved table-salt (NaCl) [Day-Lewis et al., 2003; Singha and 39 Gorelick, 2005; Doetsch et al., 2012; Shakas et al., 2016] .
40
Salt increases the electrical conductivity and enables tracking of tracer plumes using 41 electrical [Kemna et al., 2002; Singha and Gorelick, 2005] , induction-based electromagnetic
42
[e.g., Falgàs et al., 2009; Rosas-Carbajal et al., 2015] or high-frequency electromagnetic 
X -4 SHAKAS ET AL.: NEUTRALLY-BUOYANT TRACERS IN HYDROGEOPHYSICS
[Day- Lewis et al., 2003; Tsoflias and Becker, 2008] 
117
To achieve a neutrally buoyant solution, we relied on Archimedes' principle, namely, takes for the water to flow through the tubing from the packer to the outflow location.
158
The experiments using the dense saline tracer published by Shakas et al. value, which corresponds mainly to the direct wave. We then take the difference of each 180 section and the reference (taken before the initiation of the push-pull experiment), apply 
Results
We now compare the BTCs and the migrated GPR difference sections obtained from the 188 combined experiments with a saline tracer and wethanalt. Here, we consider both push-189 pull and push-wait-pull setups. For the BTCs, we use a normalized time, τ = t/t peak , where t corresponds to the time after the onset of pulling and t peak is the theoretical Table 1 .
196
A comparison between the push-pull experiments is made in Figure 1 , where all time and is thereafter hardly detectable (Figures 2g and 2h) . On the contrary, the migrated 219 GPR difference sections for the wethanalt tracer remain almost identical during the whole 220 waiting time (Figures 2a to 2d ). Once more, the peak arrivals of the BTCs support these injection location (Figure 1a ) and into upper regions of the fractured system. By doing 234 so, the migrated GPR difference sections from the wethanalt tracer probe an additional 235 fracture that appears above 70 m depth and beyond 5 m radius (Figures 1a to 1d ). This 236 fracture is not present in the migrated GPR difference sections acquired with the dense 237 saline tracer (Figures 1e to 1h) .
238
In the push-wait-pull experiments (Figure 2 ), the impact of density is even more evident.
239
While the tracer distribution after pushing is similar to their push-pull counterparts (com- tracer (see Table 1 for parameters). To remove the imprint of the injection period from 
Conclusions
Our results suggest that wethanalt, a mixture of saline water and ethanol, is a suitable tracer is used, it is possible that observations (and inferences) made about the hydrogeo- 
